Decorin is generally recognized as a tumor suppressing molecule. Nevertheless, although decorin has been shown to be differentially expressed in malignant tissues, it has often remained unclear whether, in addition to non-malignant stromal cells, cancer cells also express it. Here, we first used two publicly available databases to analyze the current information about decorin expression and immunoreactivity in normal and malignant human colorectal tissue samples. The analyses demonstrated that decorin expression and immunoreactivity may vary in cancer cells of human colorectal tissues. Therefore, we next examined decorin expression in normal, premalignant and malignant human colorectal tissues in more detail using both in situ hybridization and immunohistochemistry for decorin. Our results invariably demonstrate that malignant cells within human colorectal cancer tissues are devoid of both decorin mRNA and immunoreactivity. Identical results were obtained for cells of neuroendocrine tumors of human colon. Using RT-qPCR, we showed that human colon cancer cell lines are also decorin negative, in accordance with the above in vivo results. Finally, we demonstrate that decorin transduction of human colon cancer cell lines causes a significant reduction in their colony forming capability. Thus, strategies to develop decorin-based adjuvant therapies for human colorectal malignancies are highly rational. (J Histochem Cytochem 63:710-720, 2015) 
Introduction
Decorin, the prototypic member of the small leucine-rich proteoglycans (SLRPs), is known to be not only a key regulator of fibrillogenesis and matrix assembly (Brown and Vogel 1989; Dugan et al. 2006; Järveläinen et al. 2004; but also an important modulator of various cellular functions, particularly adhesion, migration, proliferation and apoptosis (Bi et al. 2012; De Luca et al. 1996; Kinsella et al. 2000; Seidler et al. 2006; Van Bockstahl et al. 2014; Winnemöller et al. 1991; Yamaguchi and Ruoslahti 1988) . Furthermore, decorin has an established association with the regulation of cell differentiation (Gasimli et al. 2013; Gasimli et al. 2014; Ma et al. 2014 ). Decorin has also been shown to play a role in inflammation; for example, via its ability to interact with toll-like receptors 2 and 4 (Buraschi et al. 2012; Merline et al. 2011 ). In addition, decorin has recently been shown to contribute to autophagy of endothelial cells via paternally expressed gene 3 (Peg3) in response to vascular endothelial growth factor receptor 2 (VEGFR2)mediated activation of AMP-activated protein kinase (AMPK) (Buraschi et al. 2013; Goyal et al. 2014) . Consequently, it is not surprising that decorin is centrally involved in several physiological and pathological processes, including tumorigenesis (Bi et al. 2012; Horváth et al. 2014; Iozzo and Schaefer 2010; Shi et al. 2014; Sofeu Feugaing et al. 2013) .
Initially, decorin was associated with cancer when it was discovered that decorin/p53 double knockout mice developed tumors faster than their wild-type counterparts (Iozzo et al. 1999 ). The study also indicated that, although the disruption of the decorin gene did not lead to the spontaneous development of tumors, the lack of decorin was permissive for tumorigenesis (Bi et al. 2008; Iozzo et al. 1999) . Thereafter, a great number of studies have focused on the antitumorigenic role of decorin in cancers (Goldoni and Iozzo 2008; Horvath et al. 2014; Ma et al. 2014; Moscatello et al. 1998; Sainio et al. 2013; Sainio and Järveläinen 2014; Sofeu Feugaing et al. 2013) .
The expression of decorin has previously been shown to be reduced in colorectal cancer, one of the leading causes of cancer mortality worldwide (Augoff et al. 2008; Bi et al. 2008; Ferlay et al. 2008; Suhovskih et al. 2015) . Decreased expression of decorin has also been reported in several other cancers, such as prostate and ovarian cancers (Banerjee et al. 2003; Shridhar et al. 2001 ). In addition, it has been demonstrated that the de novo expression of decorin suppresses the malignant phenotype of human colon cancer cells (Santra et al. 1995) . In agreement with these findings, reduced expression of decorin in villous adenomas is associated with high malignant potency (Augoff et al. 2008 ). On the other hand, increased expression of decorin, for example, in hepatocellular carcinoma tissues, has also been described (Jia et al. 2012) .
Even though decorin has been shown to reside in various amounts in the stroma of cancers, including colon cancer, its exact cellular origin in the stroma of different malignancies has not been definitely demonstrated. This is due to the fact that, in previous studies, particularly in studies on colon cancer, immunohistochemistry has been applied to study decorin expression in malignant tissues (Adany et al. 1990 , Augoff et al. 2008 ). However, immunohistochemistry only allows the localization of decorin in tissues and does not inevitably demonstrate the cellular origin of decorin; i.e., which cells express decorin mRNA. Recently, using in situ hybridization for decorin, we showed that malignant cells of human breast and bladder cancers completely lack decorin expression both in vivo and in vitro Sainio et al. 2013 ). Furthermore, we have demonstrated that the malignant behavior of decorin-negative human breast cancer and bladder cancer cells can be markedly modulated via decorin transduction Sainio et al. 2013) .
In this study, we first used the publicly available IST Online and Human Protein Atlas databases (http://ist. medisapiens.com/ and http://www.proteinatlas.org/) to assess the currently available information about decorin expression in various human colorectal carcinomas (Kilpinen et al. 2008; Uhlen et al. 2010 ). Next, using both in situ hybridization (ISH) and immunohistochemistry (IHC) for decorin, we investigated whether cells of human colorectal cancers or those forming neuroendocrine tumors or carcinomas within human colons expressed decorin. Decorin expression of different human colon cancer cell lines was also examined. Furthermore, because methylation of the decorin gene has previously been shown to be involved in the control of decorin expression in human colon cancer, the methylation status of the decorin gene promoter of human colon cancer cell lines was analyzed (Adany and Iozzo 1991) . Finally, using soft agar colony formation assays, we explored whether adenovirus-mediated decorin transduction of human colon cancer cell lines influences their malignant behavior.
Materials & Methods

Data Analysis Using IST Online and Human Protein Atlas Databases
Two publicly available databases were used for preliminary screening regarding the current information about decorin gene expression and decorin immunoreactivity in normal and various malignant human colorectal tissue samples (Kilpinen et al. 2008; Uhlen et al. 2010) . IST Online (http:// ist.medisapiens.com/) is a publicly available database of the human transcriptome, and represents the largest, integrated and annotated human gene expression data source in the world (Kilpinen et al. 2008) . In this study, the database was used to evaluate the gene expression of decorin gene in tissue samples representing healthy human colon and different carcinomas of the human colon as well as different colorectal cell lines (n=22). The database statistics included tissue samples of healthy colons (n=47), colorectal adenocarcinomas (n=32), colon carcinomas (n=251), colon adenocarcinomas (n=497), and mucinous colon adenocarcinomas (n=28). The expression of decorin was compared between benign and different malignant colon tissues. Also, all 22 colorectal cancer cell lines included in the database were examined for decorin expression.
The Human Protein Atlas portal (http://www.proteinatlas.org/) is a publicly available database with high-resolution images of immunohistochemically analyzed tissue specimens (Uhlen et al. 2010) . The database provides information about the spatial distribution of different proteins in various tissues representing normal and malignant phenotypes. In this study, the database was used to evaluate decorin immunoreactivity in tissue samples representing healthy human colons (n=4), colon adenocarcinomas (n=10) and adenocarcinomas derived from the rectum (n=11).
Samples of Patients With Colonic Neoplasia
For decorin analyses, we used tumor tissue samples from eight patients with human colon adenocarcinoma, including five WHO grade II carcinomas and three WHO grade I carcinomas. In addition, we used tissue material from colonic adenomas from eight patients, including three tubulovillous adenomas with low grade dysplasia, one tubulovillous adenoma with high grade dysplasia, three tubular adenomas with low grade dysplasia, and one serrated adenoma with low grade dysplasia. Furthermore, we included tumor tissue samples from two patients with neuroendocrine tumor (WHO grade I) and one neuroendocrine carcinoma (WHO grade III). Three control samples were taken from normal colon area representing healthy colon. All samples were obtained from the archives of Turku University Hospital, Department of Pathology, and from Auria Biobank, Turku, Finland. The samples were fixed in 10% neutral-buffered formalin, embedded in paraffin and cut into 5-µm or 3.5-µm transverse sections. Sections were used for hematoxylin and eosin (HE) staining, in situ hybridization (ISH), and immunohistochemistry (IHC) analyses. The local ethics committee approved the use of the samples.
Human Colon Cancer Cell Lines
For in vitro studies, we used the following eight human colon cancer cell lines derived from the American Type Culture Collection (ATCC): CO115, HCT-116, DLD-1, HT-29, Vaco-5, LS180, SW620 and RKO. Cell lines CO115, DLD-1, HT-29, SW620 and LS180 represent human colorectal adenocarcinoma cells; RKO and Vaco-5 represent colonic carcinoma cells; and HCT-116 represents colorectal carcinoma cells. Of these eight cell lines, three have been graded as follows: SW620 and DLD-1 are graded Dukes type C and LS180 is graded Dukes type B. The cells were cultured in Dulbecco's Modified Eagle Medium (DMEM; Gibco, Paisley, Scotland) containing 10% fetal bovine serum (FBS; Biochrom AG, Berlin, Germany), penicillin (100 IU/ml) and streptomycin (100 µg/ml) (Sigma-Aldrich, St Louis, MO) at 37°C with 5% CO 2 .
Decorin In Situ Hybridization
Decorin ISH was performed on 5 µm tissue sections by probing them with human decorin antisense and sense single-stranded digoxigenin (DIG)-labeled RNA riboprobes, as previously described in detail (Salomäki et al. 2008 ). The dotslide (.slide) System (Soft imaging System, Olympus Company; Münster, Germany) was used to create images of representative tissue samples.
Immunohistochemistry IHC for decorin was performed with a rabbit polyclonal antibody (H-80, Santa Cruz Inc., Dallas, TX; diluted 1:400) on all healthy, premalignant and malignant tissue sample sections, as previously described ). To localize neuroendocrine tumor cells, we used IHC for synaptophysin, a marker for neuroendocrine cells (Wiedenmann et al. 1986; Klimstra et al. 2010) . IHC for synaptophysin was performed with rabbit monoclonal CONFIRM anti-synaptophysin antibody (SP11; Ventana Medical Systems, Inc. Tuscon, AZ). Immunohistochemistry was performed on 3.5-µm with BenchMark XT (Ventana/Roche) using ultra/VIEW Universal DAB Detection Kit (Ventana/Roche). As with ISH, the dotslide (.slide) System (Soft imaging System, An Olympus Company, Münster, Germany) was used to create images of representative tissue samples.
RT-qPCR for Decorin
Total RNA was extracted from the cultures of the aforementioned eight human colon cancer cell lines using a NucleoSpin RNA II Kit (Macherey-Nagel; Düren, Germany) according to the manufacturer's protocol. The concentrations of the RNA samples were determined using a NanoDrop spectrophotometer (ThermoScientific; Waltham, MA). RT-qPCR analyses were performed as previously described ).
Methylation Analyses of Decorin Gene Promoter
Total DNA was extracted from the cultures of randomly selected human colon cancer cell lines, namely DLD-1 and HCT-116, using QIAampH genomic DNA kit (QIAGEN GmbH; Hilden, Germany) following the manufacturer's protocol. Total DNA extracted from human skin fibroblasts (HSFs) was used as a control. The methylation status of the decorin promoter region was determined using an automated MeDIP assay (Diagenode; Liège, Belgium) followed by RT-qPCR, as previously described in detail ).
Soft Agar Colony Formation Assay
Soft agar colony formation assays were performed in 6-well plates (Cellstar; Greiner Bio-One, GmbH, Frickenhausen, Germany) in three replicate cultures as follows. First, the wells were coated with a bottom layer (1 ml) of DMEM containing 0.5% agar (Bacto-agar, Difco; Detroit, MI), 10% FBS, penicillin (100 IU/ml), and streptomycin (100 µg/ml). After the bottom layer had solidified, 1 ml of a solution containing 60,000 cells in DMEM with 0.35% agar, 10% FBS, penicillin (100 IU/ml), and streptomycin (100 µg/ml) was added on top. The top layer was allowed to solidify and was then layered with DMEM (2 ml) containing 10% FBS, penicillin (100 IU/ ml), and streptomycin (100 µg/ml). Cultures were maintained at 37°C with 5% CO 2. The culture medium was replaced with fresh medium every four days. On day 8, the cultures were fixed with 4% paraformaldehyde and the number of developed colonies was counted using light microscopy. The number of colonies was determined by counting five fields of view in three layers in three replicate cultures.
Effect of Adenovirus-mediated Decorin Transduction on Colony Formation Capability of Colon Cancer Cells
Before soft agar assays, colon cancer cells of all eight cancer cell lines were transduced with a decorin adenovirus vector (Ad-DCN) and control vector (Ad-LacZ), as previously described . Briefly, the cells were maintained in DMEM containing 10% FBS, penicillin (100 IU/mL), and streptomycin (100 µg/mL) and grown at 37°C with 5% CO 2 . The cells were plated into 6-well plates (Cellstar, Greiner bio-one, Germany) with 500,000 cells per well. The next day, the cells were transduced with 10 pfu/ cell of Ad-DCN or Ad-lacZ in DMEM containing 10% FBS. Non-transduced cells were used as a negative control. After 24 hr, the cells were trypsinized, counted, and used for soft agar colony formation assays, as described above. The number of colonies formed by transduced and nontransduced cells was counted as described above. Furthermore, the sizes of the colonies were measured manually from photographs of these same cultures. Three photographs were taken of each of the three replicates and the sizes of all colonies were measured. The average size of the colonies was also calculated.
Statistical Analysis
An unpaired Student's t-test was employed for statistical analyses. A p-value <0.05 was considered statistically significant.
Results
Decorin Expression in Colorectal Cancer According to IST Online and Human Protein Atlas Databases
The analysis of the IST Online database showed that the overall decorin expression in previous studies has mostly been found to be upregulated in different human colon carcinoma tissue samples as compared with healthy colon samples ( Fig. 1 ). However, of the 22 different colorectal cell lines included in the database, weak decorin expression was detected only in one cell line, namely, SW480 cells. The analysis of Human Protein Atlas database demonstrated that, in healthy colon samples, decorin immunoreactivity is localized to the cytoplasm of mesenchymal cells, whereas endothelial cells and glandular cells are decorin negative. Regarding decorin immunoreactivity in human colorectal carcinoma tissue samples, the results of Human Protein Atlas database are somewhat contradictory. Namely, in 8 of the 21 tissue samples, cancer cells were found to be variably positive for decorin immunoreactivity.
Localization of Decorin mRNA and Immunoreactivity in Human Colorectal Cancer Tissues and in Neuroendocrine Tumors of Human Colon
To localize decorin mRNA in human colorectal carcinoma tissue samples, we used ISH with DIG-labeled RNA probes for decorin. The ISH results indisputably demonstrated that cancer cells of human colorectal malignancies are devoid of decorin mRNA (Fig. 2D, 2F ). This finding was also true for adenoma-forming cells of human colon (Fig. 3D, 3E) , including cells of serrated adenoma (data not shown). Instead, decorin mRNA was localized merely to the original stromal areas in both adenocarcinoma (Fig. 2D, 2E ) and adenoma (Fig. 3D, 3F ) tissue samples of human colon. These results were verified by IHC analyses of the same tissue samples showing that decorin immunoreactivity and mRNA are overlapping (Figs. 2 and 3) .
Next, we localized decorin mRNA and immunoreactivity in human colon tissue samples representing low-grade (WHO grade I) neuroendocrine tumors and high-grade (WHO grade III) neuroendocrine carcinomas to examine whether decorin expression might also be lacking in cells of neuroendocrine gastrointestinal tumors (Fig. 4) . Neuroendocrine tumors are a distinct subgroup of gastrointestinal tumors, and synaptophysin is one of the established immunohistochemical markers of these tumors (Klimstra et al. 2010; Wiedenmann et al. 1986 ). The results clearly showed that the cells of neuroendocrine tumors and carcinomas are negative for decorin mRNA and immunoreactivity ( Fig. 4E-4H ). As shown for colorectal adenocarcinoma and adenoma samples, decorin mRNA and immunoreactivity were detected solely in the original stromal areas surrounding the neuroendocrine tumor mass ( Fig.  4E-4H ).
Expression of Decorin and Methylation of Decorin Gene Promoter in Human Colon Cancer Cell Lines
To confirm the above in vivo results that human colon cancer cells do not express decorin, eight different cell lines representing human colon cancer were examined for decorin expression using RT-qPCR analysis. The results showed that none of the human colon cancer cell lines used in this study expresses decorin.
We also determined the methylation status of the decorin gene promoter in representative human colon cancer cell lines DLD-1 and HCT-116. As shown in Fig. 5 , the decorin gene promoter isoforms extracted from these human cancer cell lines were markedly methylated. As a control for decorin methylation, the decorin gene promoter of HSFs was not methylated (Fig. 5) . These cells expressed significant amounts of decorin (data not shown).
Effect of Decorin Transduction on Colony Formation in Human Colon Cancer Cell Lines in Soft Agar Assay
We used soft agar colony formation assays to examine whether decorin transduction might have an effect on the malignant behavior of human colon cancer cells. The assay was performed on eight human colon cancer cell lines, namely CO115, HCT-116, DLD-1, HT-29, Vaco-5, LS180, SW620 and RKO. The results showed a marked variation in the degree of colony formation among the cell lines, indicating that the capability of the cells to form colonies is cell line specific (Fig. 6A ). Next, we chose five of the above cell lines, three of which showed high colony forming capability (HCT-116, DLD-1 and HT-29) and two with lower capability (Vaco-5 and LS180), and tested how adenovirus-mediated decorin transduction influences their capacity to form colonies. The above cell lines were chosen to examine whether the effect of decorin transduction on the colon cancer cells is similar independent of their colony forming capability. The results showed that decorin transduction drastically reduces the ability of all tested cell lines to form colonies. Both the number and the size of the colonies were significantly decreased in response to decorin transduction as compared with colonies formed by cells transduced with a control vector or non-transduced cells. The results for the cell line HCT-116 are shown in Fig.  6B-6F . In contrast, LacZ-transduced and negative control Synaptophysin staining for neuroendocrine cells can be seen in brown (C and D). Purple color indicates positive ISH signal for decorin (E and F) and decorin immunoreactivity can be seen in brown color (G and H). Note that neuroendocrine carcinoma cells of human colon completely lack decorin mRNA and immunoreactivity. Decorin expression is localized merely to the non-malignant stromal tissue areas surrounding neuroendocrine tumor masses. Scale in A, C, E and G, 100 µm; in B, D, F and H, 50 µm. cells did not show any difference in their colony forming capability (Fig. 6B, 6C ).
Discussion
The role of decorin in carcinogenesis, including colon carcinoma, has been the focus of numerous studies (Augoff et al. 2008; Bi et al. 2012; Bozoky et al. 2014; Goldoni and Iozzo 2008; Horváth et al. 2014; Santra et al. 1995; Suhovskih et al. 2015) . Regarding colon carcinoma, the expression of decorin has previously been shown to be variously either increased or decreased (Adany et al. 1990; Augoff et al. 2008; Bi et al. 2008; Santra et al. 1995; Theocharis 2002) . However, so far, the exact cellular origin of decorin in premalignant and malignant colorectal tissue stroma has remained partially unresolved due to the fact that immunohistochemistry and microarray analyses have been used to examine decorin expression in colorectal tissue samples.
In the present study, one of our aims was to clarify whether decorin residing in the stroma of malignant colorectal tissues is solely derived from stromal cells or whether it might also be derived from cancer cells. Using two publicly available databases, namely IST Online and Human Protein Atlas databases, we first screened the data with regard to the current knowledge about the overall decorin expression in normal, premalignant, and malignant colorectal tissues (Kilpinen et al. 2008; Uhlen et al. 2010) . The IST Online database was also used to ascertain decorin expression in different colorectal cancer cell lines. Our analyses demonstrated that a marked variation in decorin expression has been observed to take place in human colorectal tissue samples. Furthermore, the databases revealed that decorin expression, particularly its immunoreactivity, can occasionally be detected also in colon cancer cells. These previously published results are somewhat contradictory with our present results that demonstrate that malignant cells within human colorectal cancer tissues are devoid of both decorin mRNA and immunoreactivity. This was true for all colon tissue samples used in our study ranging from adenoma with mild dysplasia to high-grade adenocarcinomas. The contradiction can be a consequence of various issues, including differences in tissue samples used in the studies as well as differences in the techniques and antibodies employed. The IST Online database, on the other hand, is based on gene expression array data from tissue samples consisting of a heterogeneous group of cells and, as such, it does not specify which cell types express the decorin gene. The Human Protein Atlas database is, in turn, based on IHC that is restricted; e.g., in its specificity. In our study, besides using IHC, we have also used ISH, which is a precise method for detecting cells that express mRNA for decorin. Notably, in our study, the results obtained with ISH and IHC analyses were parallel. Recently, we have utilized this same approach in human breast cancer and bladder cancer tissue samples and shown that different types of human breast cancer cells and urinary bladder cancer cells also completely lack decorin mRNA and immunoreactivity Sainio et al. 2013 ). In the present study, we have also demonstrated that cells forming neuroendocrine tumors (WHO grade I) and high-grade (WHO grade III) neuroendocrine carcinomas in human colon are negative for decorin mRNA and immunoreactivity. Neuroendocrine tumors of the colon are extremely uncommon comprising less than 1% of all colorectal cancers (Bernick et al. 2004) . To the best of our knowledge, our study is the first to examine decorin gene expression in neuroendocrine tumors and carcinomas of the human colon.
After testing for the localization of decorin expression in vivo, we then examined decorin expression in vitro in eight human colon cancer cell lines using RT-qPCR analysis. Our results revealed that none of the examined cell lines expresses decorin; thus confirming our in vivo results. Previously, epigenetic mechanisms and, particularly, hypomethylation of the decorin gene have been shown to be associated with increased decorin gene activation in human colon carcinoma (Adany et al. 1990; Adany and Iozzo 1991) . This led us to explore the methylation status of the decorin gene promoter in human colon cancer cell lines. We investigated whether the total absence of decorin expression in colon cancer cells could in fact be due to methylation of the decorin gene promoter. Indeed, our results showed that the promoter of the decorin gene is markedly was studied using the MeDIP assay. Total DNA isolated from human skin fibroblasts (HSFs) was used as a control. RT-qPCR results for MeDIP assay show the percentage of DNA methylation enrichment versus input DNA. In addition to decorin gene promoter isoforms, the results are shown for a positive control testis/sperm-specific histone 2B (TSH2B) and a negative control GAPDH promoter. Furthermore, the methylation status of the decorin gene promoter isoforms isolated from decorin expressing HSFs is included. methylated in the human colon cancer cell lines analyzed in this study. In contrast, in HSFs, which express abundant amounts of decorin, no methylation of the decorin gene promoter was detected. These results are in full agreement with the study by Adany and collaborators, who demonstrated that the decorin gene in colon carcinoma cells is not hypomethylated (Adany et al. 1990 ). Moreover, also in agreement with our study, the same study showed that decorin gene is hypomethylated in fibroblasts that are known to express abundant decorin. Furthermore, increased decorin mRNA levels in colon carcinoma tissues correlated with hypomethylation (Adany et al. 1990 ). Interestingly, we have previously shown that the decorin gene promoter is not methylated in human urinary bladder cancer cells, which also lack decorin expression, suggesting that different epigenetic mechanisms contribute to the regulation of decorin gene expression in various types of human malignancies .
To examine whether decorin expression could influence the behavior of human colon cancer cells, we transduced the cells with a decorin adenoviral vector. Results from our previous studies have shown that decorin transduction into human breast cancer and bladder cancer cell lines leads to decreased proliferation of the cells Sainio et al. 2013) . Moreover, decorin transduction increases apoptosis in breast cancer cells ). In line with our previous results, in the present study, we demonstrated decreased colony forming capability of the cells in response to decorin transduction. Decorin transduction reduced both the number and the size of colonies. Thus, decorin transduction alters the behavior of human colon cancer cells in vitro, further suggesting that decorin transduction could decrease cancer progression Sainio et al. 2013; Santra et al. 1995; Sofeu Feugaing et al. 2013) .
Several studies have shown the antitumoral potential of decorin in the intestinal tract (Bi et al. 2012; Santra et al. 1995) . Indeed, decorin appears to act as a tumor suppressor molecule in mice, because inactivation of its gene can lead to intestinal tumor formation via disruption of intestinal maturation; this results in, for example, decreased differentiation of the cells (Bi et al. 2008 ). In addition, adenovirus-mediated decorin gene transfer has been shown to significantly inhibit the growth of colon carcinoma xenografts in mice via attenuation of epidermal growth factor receptor (EGFR) phosphorylation . Increased decorin expression has also been shown to attenuate the migration of colorectal cancer cells and to promote their apoptosis via the regulation of E-cadherin (Bi et al. 2012) . Besides, in colon cancer, increased apoptosis after decorin treatment has been observed in other cancer types, such as in cholangiocarcinoma (Yu et al. 2014 ), hepatocellular carcinoma (Hamid et al. 2013) , and squamous carcinoma (Seidler et al. 2006) . The apoptosis promoting effect of decorin in human hepatocellular and squamous carcinoma cells has been shown to be mediated via activation of caspase-3 (Hamid et al. 2013; Seidler et al. 2006) .
The effect of decorin in colon cancer cells can also be discussed from the perspective of its glycosaminoglycan (GAG) chain composition. In human colon adenocarcinoma, the GAG chains of decorin molecules are significantly modified; i.e., the GAG chains are of a smaller size and their sulfation pattern is altered so that they are mainly composed of 6-sulfated disaccharides (Theocharis 2002) . These structural changes can markedly influence the biology of cancer cells via mechanisms including alterations in growth factor binding and cell signaling (Deepa et al. 2002; Weyers et al. 2012 ). On the other hand, regarding viral transduction of cancer cells, it also has to be acknowledged that cells that do not normally express a certain molecule do not necessarily have the capacity to set the required synthetic machinery in motion. Finally, other mechanisms, such as the capability of decorin to modulate the threedimensional structure of the extracellular matrix, may also be behind decorin's action as a tumor suppressing molecule (Bonnans et al. 2014; Järveläinen et al. 2004; Van Bockstal et al. 2014) .
In sum, in this study, we have shown that human colon cancer cells are devoid of decorin expression in vivo and in vitro and that adenovirus-mediated decorin transduction of human colon cancer cell lines attenuates their malignant behavior towards a more benign demeanor. Thus, in the future, development of decorin-based adjuvant therapies in the treatment of colorectal malignancies is highly rational.
